Background: Inherited mutations in the tumour suppressor gene BRCA2 greatly increase the risk of developing breast, ovarian and other types of cancers. So far, most studies have focused on the role of BRCA-pathways in the maintenance of genomic stability.
Introduction
Inherited mutations in the breast cancer susceptibility genes BRCA1 and BRCA2 greatly increase the risk of developing breast cancer, and other cancers such as ovarian and prostate cancers [14, 23, 31] . About 15% of breast cancer cases cluster in families and among these cases, germline mutations in BRCA1 and BRCA2 have been shown to account for 15-40% [25, 29] .
Several functions have been ascribed for the BRCA proteins, but most studies reported so far have focused on the role of BRCA-pathways in the maintenance of genomic stability. A well studied function of the BRCA2 protein is its role in homologous recombination, where RAD51, a DNA recombinase, interacts with the BRC repeats and the C-terminus of BRCA2. BRCA2 directs RAD51 to the sites of DNA double strand breaks and this interaction has been shown to be essential for error-free homologous recombination repair [3, 4] . Reduced amount of functional BRCA2 protein in heterozygous BRCA2 mutation carriers causes insufficient repair of DNA double strand breaks, a condition that could contribute to the impairment of genomic stability. BRCA2 heterozygosity has shown to increase sensitivity to specific DNA damaging agents, reduce RAD51 focus formation after irradiation, increase cell death and reduce growth rate [1, 30] .
Complete BRCA2 inactivation in tumours gives rise to chromosomal aberrations including both numerical and structural alterations, such as translocations, chromatid breaks and tri-and quadri-radial chromosomes [7, 17, 32] .
Defects in cytokinesis can lead to mis-segregation of chromosomes and aneuploidy, which are indeed also observed in BRCA2 deficient cells [19, 26] .
Several studies have linked BRCA2 with progression through mitosis. BRCA2 has been found to co-localize to the centrosome in S-phase and early M-phase cells and to have a centrosomal localization signal at the C-terminus, which indicates that it might be involved in regulation of migration and duplication of the centrosome during the cell cycle [8, 15, 26] . The activity of the polo-like protein kinase 1 (Plk-1) is required for cytokinesis and proper metaphase/anaphase transition. Hyperphosphorylation of BRCA2, by Plk-1, in M phase and dephosphorylation of the protein when cells exit M phase implicates a potential role of BRCA2 in modulation M phase progression [6, 11, 18] .
A new function for BRCA2 has been discovered. By examining murine embryonic fibroblasts (MEFs) it was shown that BRCA2 deficiency delays and prevents cytokinesis. BRCA2 heterozygous (BRCA2 Tr/+ ) and homozygous (BRCA2 Tr/Tr ) MEFs showed longer cytokinesis than wild type cells (BRCA2 +/+ ) when studied ex vivo. HeLa cells treated with BRCA2 siRNA showed almost twice as long cell division time as HeLa cells treated with control siRNA [2] . However, it is still unknown how exactly BRCA2 participates in cytokinesis and, importantly, the role of BRCA2 in cytokinesis as observed in murine fibroblasts has never been studied in human fibroblasts.
The aim of this study was to investigate if BRCA2 plays a role in cytokinesis in human fibroblasts and to study the involvement of BRCA2 in these cells in the late stages of cell division. Unmodified primary human fibroblasts, from individuals that carry the Icelandic 999del5 BRCA2 founder mutation, the Dutch 1537del4 BRCA2 mutation, and individuals that do not carry a BRCA2 mutation, were studied [16, 24] . Both BRCA2 mutations cause premature stop codons downstream of the mutation site. In an earlier study no protein could be detected from the mutant BRCA2 999del5 allele [13] . Cell divisions were monitored and cell division time estimated from recordings obtained with time lapse live-cell imaging. BRCA2 mRNA expression levels were quantified with qRT-PCR and localization of the BRCA2 protein during cytokinesis was investigated.
Materials and methods

Unmodified primary human fibroblasts
Primary human fibroblasts derived from BRCA2 mutation carriers and BRCA2 wild type individuals were cultured from skin biopsies. Samples were collected in Iceland and The Netherlands. All samples were handled in a coded fashion, according to National ethical guidelines "Code for Proper Secondary Use of Human Tissue", Dutch Federation of Medical Scientific Societies. Permissions from the National Bioethics Committee in Iceland and the Icelandic Data Protection Authority were obtained for the study.
Fibroblasts were cultured in Dulbecco's Modified Eagle's Medium (DMEM), supplemented with 10% fetal bovine serum, penicillin (100 U/ml), streptomycin (0.1 mg/ml) and 2 mM L-glutamine (Invitrogen Corporation, Breda, The Netherlands). Cells were maintained at 37 • C and 5% CO 2 and all experiments were carried out with cells in passage 8-15.
Study setup
A pilot study was set up by using 3 coded unmodified primary human fibroblast samples from Iceland, which were either derived from individuals carrying the Icelandic 999del5 founder mutation in the BRCA2 gene or derived from BRCA2 wild type individuals (FIS 1, FIS 2 and FIS 3) (Table 1) . Cells were analyzed by live-cell imaging and their cell division time estimated. FIS 1 and FIS 3 had longer cell division time than FIS 2. It was confirmed that FIS 1 and FIS 3 carry the BRCA2 999del5 deletion and FIS 2 has BRCA2 +/+ genotype. The study was continued using 
Live-cell imaging
Unmodified primary human fibroblasts were seeded on MatTek glass bottom culture dish (MatTek, Ashland, USA) and imaged when approximately 70% confluent. Cell divisions were recorded with a Leica AS MDW microscope system (Multi-Dimensional Workstation for Live Cell Imaging), consisting of an inverted phase contrast Leica DM IRE2 microscope equipped with a climate chamber and CO 2 chamber (Leica Microsystems B.V. Rijswijk, The Netherlands). Both the temperature (T ) and CO 2 concentration ([CO 2 ]) of the medium in the culture dish were strictly controlled at all steps of the recordings (T = 37.0 • C ± 0.5 • C, [CO 2 ] 5.00% ± 0.05%), as it is known that minor changes in these parameters may induce stress type conditions thereby effecting cell cycle characteristics.
Time lapse images were collected from 20 different fields from each dish with an HCX PL FL L 40×/0.60 CORR XR (3.3-1.9 mm) objective using bright field light every 5 min for up to 24 h. The Leica AS MDW software was used to generate movies from the time lapse images collected.
In order to analyze distribution and localization of the BRCA2 protein in cells with delayed cytokinesis, cells were imaged for short time (2 hours) prior to immunofluorescence staining, enabling identification of cells with prolonged cytokinesis by using relocalization.
A well known limitation of the microscopy technique applied in our study is that prolonged illumination of cells in culture may interfere with cell cycle checkpoints, particularly when cells are fluorescently stained with vital dyes or expressing fluorescent tagged proteins [21] . The use of fluorescent tagged cell cycle related proteins, such as cyclin B1-GFP, could have provided more options but in the process examined, i.e. cytokinesis, the cells have already passed all checkpoints that control the cell cycle process and the transfection per se could influence the cell characteristics and, therefore, would not be informative. However, when using unstained cells, fluorescence excitation and formation of radicals is negligible. Furthermore, cells hardly absorb light in the wavelength range between 400 and 700 nm (except erythrocytes with hemoglobin and melanocytes containing melanin), which implies that no heat is locally produced as a consequence of the absorption process using bright-field microscopy only. We, therefore, used transmitted light only to avoid any photo damage.
Quantitative real-time polymerase chain reaction (qRT-PCR)
The BRCA2 mRNA expression levels were investigated with qRT-PCR. 0.84 µg total RNA of each sample, isolated following standard procedure using TRIzol ® Reagent (Invitrogen, Breda, The Netherlands), was treated with deoxyribonuclease 1 according to the manufacturer's instructions (Sigma-Aldrich Chemie B.V., Zwijndrecht, The Netherlands). Firststrand cDNA was synthesized using 50 µM oligo(dT) 20 and Super-script III transcriptase according to the manufacturer's instructions (Invitrogen, Breda, The Netherlands). Each PCR was carried out in triplicate in a 25 µl amplification mixture containing template cDNA, iQ SYBR Green Supermix (12.5 µl) (BioRad Laboratories, Veenendaal, The Netherlands) and 0.4 µM BRCA2 forward and reverse primers or 0.3 µM housekeeping gene forward and reverse primers. Reactions were run on a Bio-Rad iCycler Thermal Cycler (Bio-Rad Laboratories, Hercules, CA, USA). The cycling conditions comprised 10 min polymerase activation at 95 • C and 40 cycles at 95 • C for 30 s and 60 • C for 60 s, followed by a melting curve analysis from 58 • C-95 • C. geNorm [28] was used to calculate the gene-stability for all the control genes, succinate dehydrogenase complex, subunit A (SDHA), glyceraldehyde-3-phosphate dehydreogenase (GAPDH) and hypoxanthine phosphoribosyl-transferase 1 (HPRT1). The most stably expressing control gene (SDHA) was used as a reference to calculate the normalized expression level of BRCA2, using the standard delta C t method [28] . The relative values for the controls were set to one.
The sequences of the primers used for qRT-PCR were as follows: BRCA2 forward, CCAAGTGGTC-CACCCCAAC, reverse, CACAATTAGGAGAAGA-CATCAGAAGC; SDHA forward, TGGGAACAAGA-GGGCATCTG, reverse, CCACCACTGCATCAATT-CATG; GAPDH forward, TTCCAGGAGCGAGATC-CCT, reverse, CACCCATGACGAACATGGG and HPRT1 forward, TGACACTGGCAAAACAATGCA, reverse, GGTCCTTTTCACCAGCAAGCT.
Flow cytometry
DNA content for DNA ploidy and cell cycle analysis was measured using flow cytometry. 1.0 × 10 6 cells were collected and suspended in 1×Phosphate Buffered Saline (PBS). After centrifugation cells were re-suspended in 0.5 ml 1×PBS. Cell suspension was transferred into tubes containing 4.5 ml ice cold 70% ethanol. Cells were kept cold in fixative for at least 2 h. Ethanol-suspended cells were centrifuged and ethanol decanted thoroughly. Pellet was suspended in 5 ml 1×PBS and waited for 1 min before centrifugation. Pellet was then suspended in 1 ml 0.02 mg/ml Propidium Iodine (PI)/0.1% Triton X-100/1×PBS staining solution containing 2 mg RNase A. Samples were kept at 37 • C for 15 min and PI emission detected at Texas red wavelength using BD LSR II Flow Cytometer and the BD FACSDiva Software (BD Biosciences, Breda, The Netherlands). The ModFit LT™ flow cytometry software was used for the data analysis (Verity Software House, Topsham, ME, USA).
Annexin V detection of apoptotic cells using live-cell imaging
To investigate the fraction of apoptotic cells staining with PI and Annexin V conjugated to the Alexa Fluor ® 488 fluorophore (Alexa Fluor ® 488 annexin V) was carried out using the Vybrant ® Apoptosis Assay Kit #2 (Invitrogen, Breda, The Netherlands). The method for utilizing Annexin V binding on adherent cells was adjusted from published methods [27] . Cells were plated and cultured in monolayer on MatTek glass bottom culture dish. 48 hours later (when approximately 70% confluent) cells were washed twice in 1×PBS. 100 µl containing culture medium, 10 µl of Alexa Fluor ® 488 annexin V and 0.2 µg/ml PI were added drop vice to the dish and incubated with 5% CO 2 at RT for 10 min, followed up immediately with live-cell imaging at 37 • C and 5% CO 2 . Images were collected from 20 randomly selected positions from the microscope plate with an HPX PL APO 63× 1.3GLYC 37 • C objective using Leica AF6000 LX live-cell imaging system (Leica Microsystems B.V. Rijswijk, The Netherlands).
Immunofluorescence
Unmodified primary human fibroblasts were cultured on glass slides or glass bottom culture dishes for 2 days. After removing culture medium cells were washed with 1×Tris Buffered Saline (TBS), fixed for 3 min in 3.7% paraformaldehyde/1×TBS at RT and washed with 1×TBS/0.1% Triton X-100. A separate BRCA2 antibody and specimen blocking step was performed by using a blocking buffer (1×TBS/0.1% Triton X-100/2% BSA) for 2 h at RT and for 30 min at RT, respectively. Incubation with polyclonal rabbit anti-BRCA2 (kindly provided by Prof. Venkitaraman, Cambridge, England) and Aurora-B (BD Biosciences, Breda, The Netherlands) was performed at 37 • C for 45 min. Specimens were washed with blocking buffer before incubation with secondary antibodies at 37 • C for 30 min. BRCA2 was revealed with Cy™3-conjucated affinity-purified goat anti-rabbit antibody (Brunschwig Chemie, Amsterdam, The Netherlands) and Aurora-B with Alexa 488-conjucated goat antimouse antibody (Invitrogen, Breda, The Netherlands). Antibody incubation was followed by three changed washing steps with 1×TBS/0.1% Triton X-100 before mounted in Vectashield with 4 ,6-diamino-2-phenylindole-dihydrochloride (DAPI)/citifluor (500 ng/ml) (Brunschwig Chemie, Amsterdam, The Netherlands). Image acquisition was performed using a DM-RA epifluorescence microscope (Leica Microsystems B.V. Rijswijk, The Netherlands) equipped with a Quantix camera (Roper Scientific, Fairfield, IA, USA). Gray scale images were collected with 100× objective by using appropriate filters to visualize Alexa 488, Cy3 and DAPI. For further image processing an in house developed software (ColourProc) was used [22] . 
Interphase-fluorescent in situ hybridization (FISH)
To investigate the cell ploidy and the frequency of bi-nuclear cells interphase-FISH was performed by using nick translation labeled D15Z1 probe to detect centromere of chromosome 15 [9] and imaged as described earlier [22] .
Statistical analysis
To compare cell division times, estimated from images obtained with time lapse live-cell imaging, including the outliers because of their biological origin but not measurement errors, ANOVA's with post hoc t-test were applied, using lsd (Table 2) . To evaluate the reproducibility between the sets of experiments and difference between samples, a 2-way ANOVA was performed.
Paired sample test was applied on data obtained from flow cytometry analysis to compare the fraction of cells in the G 2 /M phase of the cell cycle in the BRCA2 +/+ and BRCA2 +/− samples.
BRCA2 mRNA expression levels between BRCA2 wild type and heterozygous mutant samples were compared by calculating delta C t values for every sample [28] and performing a t-test on the logarithm of the normalized expression values, BRCA2 +/+ versus BRCA2 +/− .
Results
Heterozygous mutation in the BRCA2 gene causes delay in cytokinesis in unmodified primary human fibroblasts
Cell division time of BRCA2 heterozygous mutant and BRCA2 wild type cells
Cell divisions in unmodified primary human fibroblasts were monitored by time lapse live-cell imaging to study the phenotype of cells that carry a mutation in the BRCA2 gene. Bright field microscopy was used to minimize photo damage. Under strict control of temperature and CO 2 unmodified primary human fibroblasts derived from carriers of a BRCA2 mutation (FIS 1, BRCA2 999del5, and FNE 1, BRCA2 1537del4) and non-mutation carriers (FIS 2 and FNE 2) were analyzed ( Table 1) .
The cytokinesis duration, the time from metaphase (when the chromosomes are visible and are aligned in an equatorial plane) until complete cell separation (when the daughter cells and their cytoplasm have separated) was estimated (Fig. 1) .
In concordance with the mutation status and in line with previously published data on murine embryonic fibroblasts [2] cells carrying a mutation in the BRCA2 gene had on average a longer cell division time than BRCA2 wild type cells. The mean cell division time for the BRCA2 +/− cells FIS1 and FNE1 was 32 and 33 min, respectively, which was significant longer than for the BRCA2 +/+ cells FIS2 and FNE2 that had mean cell division time of 27 and 26 min, respectively ( Fig. 2(A) ). The increase in cell division time for the BRCA2 +/− cells was observed to be highly significant when compared with the BRCA2 +/+ unmodified primary human fibroblasts (FIS 1 vs. FIS 2, p < 0.01; FIS 1 vs. FNE 2, p < 0.01; FNE 1 vs. FIS 2, p < 0.01 and FNE 1 vs. FNE 2, p < 0.01) ( Table 2 ). There was no significant difference between the cell division time for the two BRCA2 +/+ samples (FIS 2 vs. FNE 2, p = 0.49) nor for the two BRCA2 +/− samples (FIS 1 vs. FNE 1, p = 0.21) (Table 2) manifesting that the different heterozygous mutants show the same phenotype.
After pooling the cell division time for the two BRCA2 wild type and the two BRCA2 heterozygous mutant samples a significant increase of 6 min in the mean cell division time was observed for the BRCA2 +/− cells, 33 min compared to 27 min for the BRCA2 +/+ cells (p < 0.01) (Fig. 3) . Heterogeneity in cell division time was detected both in the BRCA2 wild type and in the BRCA2 heterozygous mutant samples. About 55% of the BRCA2 wild type cells completed cell division within 25 min, for 40% the process took about 30-35 min and less than 5% had a delayed cytokinesis of 40-45 min. Of the BRCA2 heterozygous mutant cells only 20% finished division within 25 min but for the majority (50-60%) cytokinesis took 30-35 min. Interestingly, about 20% of the BRCA2 heterozygous cells took 40 min or longer to complete cell division, with maximum division time of 65 min ( Fig. 2(A), FIS 1 and FNE 1) . No cell failed to divide.
Furthermore, comparison on estimated replication time (from end of division of progenitor cell until the beginning of division of its daughter cell) in cells with delayed and normal cell division time revealed that the median replication time was approximately 20 h both for BRCA2 wild type and heterozygous mutant samples.
BRCA2 mRNA expression levels
To investigate if the delay in cytokinesis in the BRCA2 heterozygous mutant cells corresponded to lower BRCA2 expression, a quantitative real-time polymerase chain reaction (qRT-PCR) was performed. The BRCA2 mRNA expression levels of the two BRCA2 +/− samples FIS 1 and FNE 1 were 0.167 and 0.254, respectively, compared with 0.987 and 1.00 for the BRCA2 +/+ samples, FIS 2 and FNE 2, respectively ( Fig. 2(B) ). The 5 times difference in BRCA2 expression levels between the BRCA2 heterozygous mutant samples and the BRCA2 wild type samples was shown to be significant (p = 0.03) (Fig. 2(B) ). 
Fluorescent in situ hybridization (FISH) to investigate endo-reduplication
To investigate if the delayed cell division time was due to endo-reduplication, the frequency of binuclear cells and the cell ploidy was examined with interphase-FISH using probe against the centromere of chromosome 15. Four signals were detected in 6 of 478 (1.26%) and three signals in 2 of 478 analyzed BRCA2 +/− cells (0.4%). This frequency was similar to normal cells (data not shown).
Flow cytometry and Alexa Fluor ® 488 annexin
V staining for ploidy and apoptosis estimation Since mitotic defects can lead to increase in aneuploidy [20] , we performed DNA flow cytometry. Aneuploid cell populations were not found. The BRCA2 +/− cells did, however, have an increased fraction of cells in G 2 /M phase of the cell cycle (2.22%) or 3.8× higher than in the BRCA2 +/+ samples. Statistical analysis showed the difference to be non-significant (p = 0.49).
To take into account the possibility that aneuploid cells undergo apoptosis the fraction of early apoptotic cells was measured by staining cells with Alexa Fluor ® 488 annexin V and propidium iodide (PI) followed up by live-cell imaging. No increase in cell death was observed in the BRCA2 heterozygous cells compared with BRCA2 wild type cells. [5] . To investigate the role of the BRCA2 protein during cytokinesis, its distribution and localization was examined in cells in cytokinesis by performing a doubleimmunofluorescence staining with antibodies directed against BRCA2 and Aurora B. The staining was both carried out in BRCA2 wild type and BRCA2 heterozygous mutant unmodified primary human fibroblasts.
BRCA2 localizes to
The immunofluorescence staining revealed that BRCA2 localizes to the midbody in cells in cytokinesis (Fig. 4) as previously described [2] . Accumulation of the protein to the midbody increased as the process proceeded (Fig. 4) and concentrated adjacent to Aurora B in the abscission phase (Fig. 4, inset) . A similar variation of the distribution of the BRCA2 protein along the midbody was observed both in BRCA2 +/+ and BRCA2 +/− cells.
Localization of BRCA2 in cells with delayed cytokinesis
To investigate the localization of the BRCA2 protein in the sub-populations of cells with division time of 40 min or longer (delayed cytokinesis) observed in the BRCA2 +/− samples (FIS 1 and FNE 1) (Fig. 2(A) ), cell division was monitored with live-cell imaging for short time (2 hours) and followed up with immunofluorescence detection with BRCA2 and Aurora B antibodies. A computerized scanning stage and mapping of the x/y coordinates was used to relocate the cells of interest after the staining. In this way the BRCA2 staining pattern could be linked to particular cells allowing investigation of the BRCA2 protein distribution in cells with delayed cytokinesis specifically and compare it to cells with normal division time. These experiments showed no detectable difference of BRCA2 distribution between cells with normal or delayed cytokinesis.
Discussion
The role of the BRCA2 protein during cytokinesis was investigated in heterozygous BRCA2 mutated human fibroblasts using live-cell imaging. This is an accurate and efficient technique to study individual cells, the cell cycle process in addition to the location, movement and interaction of cells and cell particles, cell behavior and phenotype ex-vivo.
Cell division time of unmodified primary human fibroblasts was estimated from images collected with time lapse live-cell imaging. Samples were obtained from individuals that carry different BRCA2 mutations (Table 1) . By comparing the cell division times of BRCA2 +/− deletion mutants with BRCA2 +/+ cells, we observed, in concordance with the mutation status, that the BRCA2 +/− cells had a significant delay. The mean cell division time of the BRCA2 +/− cells was shown to be 6 min longer than for the BRCA2 +/+ cells that completed the process in 27 min on average (Fig. 3) . The cell division time was heterogeneous within samples. Cells with delayed cytokinesis (40 min Fig. 4 . Representative images of unmodified primary human fibroblasts after immunofluorescence staining to detect BRCA2 and Aurora B. Localization of the BRCA2 protein was investigated in cells in cytokinesis using polyclonal rabbit anti-BRCA2 (red) and monoclonal mouse anti-Aurora B (green) antibodies and DAPI (blue). In early steps of cytokinesis (elongation) little amount of BRCA2 is present between the forming daughter cells and mainly dispersed through out the nucleus. As the process proceeds, from elongation to cleavage phase, the accumulation of BRCA2 to the midbody increases and concentrates adjacent to the Aurora B kinase in the abscission phase as indicated by inset.
or longer) comprise a subset of the BRCA2 heterozygous cell population, about 20%, as shown in Fig 2(A) . Our data are in accordance with published data on murine cells. MEFs homozygous for a targeted BRCA2 mutation (BRCA2 Tr/Tr ) have severely extended cell division time compared with wild type and heterozygous cells. Cytokinesis was prevented in more than 30% cases in the BRCA2 Tr/Tr murine fibroblasts and HeLa cells treated with BRCA2 siRNA [2] .
The qRT-PCR results denote a correlation between lower expression levels of BRCA2 mRNA with a delay in cytokinesis in the BRCA2 +/− cells, where both of the BRCA2 +/− samples studied showed similar and a relatively low expression levels The BRCA2 wild type samples showed on average 5× higher BRCA2 expression than the heterozygous mutant samples (Fig. 2(B) ), suggesting that reduction of BRCA2 is a rate limiting factor in this process.
The replication time of the cells did not vary between cells with different cell division time. These observations indicate that the delayed cytokinesis is not caused by replication related mechanisms [3, 12] .
Cytokinesis defects in BRCA2 heterozygous cells might increase the number of aneuploid cells which then could predispose to carcinogenesis. Flow cytometry showed that BRCA2 +/− cells accumulate in G 2 /M phase of the cell cycle 3.8× more frequently than BRCA2 +/+ cells, which is in line with the 4× increase in number of cells that showed delayed cytokinesis compared with BRCA2 +/+ samples. As aneuploidy is defined as an additional G 0 /G 1 peak with a small G 2 /M peak and because both G 2 /M diploids and G 0 /G 1 tetraploids are 4N, the groups are un-distinguishable by flow cytometry [10, 20] .
Those results indicate that BRCA2 participates in the cytokinesis process.
The distribution and localization of BRCA2 was examined to investigate further the role of BRCA2 during cytokinesis. Immunofluorescence staining using antibodies to detect BRCA2 and the Aurora B kinase, which is known to localize and function at the midbody [5] revealed that BRCA2 localizes to the midbody in cells in cytokinesis and the accumulation increases as the process proceeds. This indicates that BRCA2 might affect or facilitate the organization of the central spindle and/or progression through cytokinesis. To investigate the molecular mechanism causing the delay in cytokinesis, observed in the BRCA2 +/− samples, time lapse images were collected for short period (2 hours) with live-cell imaging and followed-up by immunofluorescence staining. We observed no difference in BRCA2 distribution between cells with prolonged division time ( 40 min) and normal cell division time. Therefore, we conclude that the delayed cytokinesis phenotype is not directly linked to abnormal localization of the BRCA2 protein to the midbody.
BRCA2 is known to preserve chromosome structure and abnormal cytokinesis in BRCA2 deficient cells may be an additional cause for chromosomal instability, a hallmark of genomic instability that contributes to tumorigenesis [7] .
Conclusions
Our data reveal that primary human fibroblasts derived from BRCA2 +/− individuals show significantly longer cell division time compared with BRCA2 +/+ cells, indicating that BRCA2 plays a role in cytokinesis.
